SUMMARY This study evaluated cephalometric differences between 113 Japanese (43 males and 70 females, aged 14.1 ± 5 years) and 106 European subjects (36 males and 70 females, aged 13.5 ± 7.3 years) using two compound angular measurements and their single components: the overbite depth indicator (ODI) for the assessment of vertical skeletal relationships and the antero-posterior dysplasia indicator (APDI) for an evaluation of sagittal dysgnathia. Both populations were assigned to groups representing Angle Classes I, II, and III, and an anterior open bite (AOB) group. Two sample t-and Wilcoxon signedranks tests were performed (P < 0.05).
Introduction
Most malocclusions are combinations of bone-and tooth-based disharmonies (Harris and Johnson, 1991) . A cephalometric analysis identifies skeletally derived and dentoalveolar malocclusions (Graber et al., 1997) and evaluates the sagittal and vertical relationships of skeletal and dental functional units for diagnosis and treatment planning (Proffit and Fields, 2000) .
In the lateral head film, the diagnostic value of single cephalometric measurements has been enhanced by introducing composite angular measurements, such as the overbite depth indicator (ODI) and antero-posterior dysplasia indicator (APDI; Kim, 1974 Kim, , 1979 Kim and Vietas, 1978; Han and Kim, 1998; Čelar et al., 1999; Freudenthaler et al., 2000; Klocke et al., 2002; Beane et al., 2003; Bock and Fuhrmann, 2007) .
The ODI describes the skeletal trend towards bite opening or deep bite, while the APDI scores sagittal skeletal relationships. ODI and APDI differentiate skeletal malocclusions reliably (Kim and Vietas, 1978; Kim, 1979; Oktay, 1991; Wardlaw et al., 1992; Han and Kim, 1998; Freudenthaler et al., 2000; Ishikawa et al., 2000; Chen et al., 2004; Bock and Fuhrmann, 2007) and have been recommended as adjuncts to cephalometric differential diagnosis (Kim and Vietas, 1978; Kim 1979; Freudenthaler et al., 2000) .
The most commonly used cephalometric analyses were based on samples of Caucasian individuals. Norms define an ideal status dependent on age, gender, and
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Josef Freudenthaler*, Aleš Čelar*, Mitsuyoshi Kubota**, Susumu Akimoto**, Sadao Sato** and Barbara Schneider*** ethnicity (Engel and Spolter, 1981) . Previously, the cephalometric analyses of Tweed, Steiner, Downs, and Ricketts were applied to Japanese samples and compared with Caucasians, except ODI and APDI (Aoki, 1972; Reitz et al., 1973; Engel and Spolter, 1981; Miyajima et al., 1996; Alcalde et al., 1998; Ishii et al., 2002a,b; Ioi et al., 2007) .
As ODI and APDI were found to be better diagnostic criteria for the presence of malocclusions than any other commonly used single cephalometric measurement or ratio, the aim of the present study was to compare Japanese and Caucasian subjects using the ODI and APDI. The null hypothesis tested is that there are no statistically significant differences between the ethnic samples either for groups with Angle Class I, II, or III malocculusions or with an anterior open bite (AOB).
Subjects and methods

Japanese sample
One hundred and thirteen untreated patients from the Kanagawa Dental College in Yokosuka, Japan, comprised the Japanese sample. Thirty-one subjects showed an Angle Class I molar relationship (10 males and 21 females; average age 13.3 ± 3.7 years), 43 an Angle Class II (17 males and 26 females; average age 12.9 ± 3.6 years), and 16 an Angle Class III (11 males and 5 females; average age 11.4 ± 3.5 years) malocclusion. Another 23 subjects had an AOB (zero or negative overbite). These individuals were included in a single group regardless of their molar intercuspation (5 males and 18 females; average age 19.5 ± 6.1 years). Molar relationship and overbite were determined on plaster casts obtained in maximum intercuspation.
European sample
The pre-treatment records of 116 individuals were selected from two private orthodontic offices and five dental centres in Vienna, Austria. The Angle Class I molar relationship group consisted of 32 subjects (12 males and 20 females; average age 11.6 ± 4.3 years), the Class II group 40 subjects (14 males and 26 females, average age 13.3 ± 6.3 years), and the Class III group 16 subjects (6 males and 10 females, average age 11.4 ± 4 years). Eighteen subjects with an AOB represented the fourth Caucasian group (4 males and 14 females; average age 19.4 ± 11.8 years). Molar relationship and overbite were determined on casts in maximum intercuspation.
ODI and APDI
The ODI is the sum of two angular measurements (Figure1): A-B line to mandibular plane and palatal plane to Frankfort horizontal (FH). When the palatal plane slopes upward and forward in relation to FH, the measurement is read as a negative angle. When the palatal plane slopes downward and forward to FH, the measurement is read as positive.
The APDI is obtained from three angular measurements (Figure1): the angle between FH and a line connecting nasion (N) with pogonion (Pg) plus or minus the angle between the A-B line to the N-Pg line (facial plane) and again plus or minus the angle between FH and the palatal plane. The angle between the A-B line (denture plane) and facial plane will be read as negative if perpendicular to FH and point B is found more posterior than point A. Conversely, a positive value will result if point B is anterior to point A.
The operator variability in measuring ODI and APDI was assessed by manual tracings of 10 cephalometric radiographs and computations according to the formula of Dahlberg The statistics of this investigation were calculated using the SAS Statistical Package® (SAS Institute Inc., Cary, North Carolina, USA). The data were checked for normality by applying the Wilk-Shapiro test (a > 0.1). For normal distribution, an unpaired two sample t-test (P < 0.05) was calculated; otherwise, the Wilcoxon signed-ranks test was performed (P < 0.05). 
Results
Error method
Statististical calculations of the intra-and inter-operator variablity yielded differences between the investigators within 2 degrees.
Descripitive statistics and analysis of variance
The means and standard deviations of eight cephalometric measurements are shown in Table 1 for both populations divided into Class I, II, III, and AOB groups. Table 2 lists the differences between the Japanese and Caucasians in these four groups.
In subjects with an AOB, there were no significant differences between the Japanese and Europeans for any of the parameters tested. Age and ODI were also not significantly different between the populations or groups. One component of the ODI, i.e. the angle between the A-B line and mandibular plane, was significantly smaller in the Japanese Class I group.
The APDI and every angular APDI component differed significantly between the European and Japanese but only in the Class II groups. While the APDI did not differ significantly in the Class I, Class III, and AOB groups, the facial plane angle (component of the APDI) showed a significant difference between the Japanese and Caucasian Class I groups (Table 2 ). In the Class I Japanese, Pg was positioned significantly more distal (P < 0.01). The null hypothesis was rejected for the APDI. Japanese subjects with an Angle Class I occlusion had a significantly reduced overbite, and the angles between the A-B line and mandibular plane as well as FH and N-Pg were significantly smaller. The overjet was significantly larger in the Japanese Class II group and significantly more negative in the Japanese Class III group than in the Caucasians.
Discussion
The objective of any analytical approach is to reduce the practically infinite set of possible cephalometric measurements to a manageable small group of specific measurements that can be compared with specific norms Overbite 2 ± 1.3 2.8 ± 1.6 3.5 ± 2.5 3.4 ± 1.6 2.7 ± 2.6 1.1 ± 1.1 −2.6 ± 2.2 −2.6 ± 1.9 Overjet 3.6 ± 2.5 2.7 ± 1.3 9.8 ± 3.1 5.2 ± 2.9 −2.2 ± 2.9 0.6 ± 1.6 4.3 ± 3.8 3.5 ± 3 FH-PP −0.3 ± 3.3 −1.5 ± 2.4 −0.7 ± 3.6 −2.3 ± 4 −1.6 ± 2.7 −2.3 ± 3.4 0.4 ± 3 −1.8 ± 5.3 AB-MP 68.7 ± 6.5 71.8 ± 4.9 79.1 ± 5.9 78 ± 5.6 60.6 ± 7.1 63.4 ± 5.2 68.7 ± 8 67.9 ± 6.3 AB-NPg -4.2 ± 3.2 −3.8 ± 3.9 −12.1 ± 7.4 −7.5 ± 3.8 2.6 ± 4.6 −0.4 ± 3.8 −6.2 ± 4.5 −5.5 ± 6 FH-NPg 85.6 ± 3.2 88.4 ± 2.5 82.6 ± 4 87.1 ± 3.3 89.6 ± 3.7 89.6 ± 5.1 84.7 ± 4.4 87 ± 4.8 ODI 68.4 ± 7.6 70.2 ± 5.8 78.4 ± 6.9 75.7 ± 5.9 59 ± 6.3 61.1 ± 5.2 69.1 ± 8.4 66.2 ± 9.5 APDI 81.4 ± 5.6 83.2 ± 4.7 70.5 ± 5.1 77.4 ± 5.4 90.5 ± 7.9 87 ± 5.2 79.3 ± 7 79.8 ± 8.5 Table 2 Analysis of variance of significant differences between the Japanese and European samples; overbite and overjet in millimetres and angular measurements in degrees. providing useful diagnostic information (Proffit and Fields, 1993) . A comparison of samples requires valid parameters of interest and parameters that describe the degree of dysgnathia. ODI and APDI fulfil these criteria of diagnostic usefulness (Kim and Vietas, 1978; Wardlaw et al., 1992; Han and Kim, 1998; Freudenthaler et al., 2000) . The present study was a cephalometric comparison of different ethnic samples in which different prevalences of malocclusion exist (Sassouni, 1969; Susami et al., 1971 , Droschl, 1984 Ishii et al., 1987; Kajiyama et al., 2000) . Separate norms have existed for specific populations in terms of single cephalometric measurements (angular and linear analyses, such as Steiner, Ricketts, and Tweed) but compound measurements should allow better interpretations of the inherent dysgnathia. The comparability of both ethnic samples was represented by an insignificant difference in their ages.
Different from the results of other investigators (Engel and Spolter, 1981; Ioi et al., 2007) , the ODI values did not indicate significant vertical skeletal differences between either ethnic sample in any of the groups. However, in the Japanese sample, the Class II group tended to be more hypodivergent while the Class I and III groups tended more towards hyperdivergence (AB-MP, ODI). The hyperdivergence of the Japanese Class I and III groups was expressed by a steep mandibular plane (AB-MP) and not by maxillary inclination (FH-PP).
In the antero-posterior direction, the Japanese Class II group showed a more retrognathic pattern. This statistically significant difference encompassed a greater incisor overjet, a more negative angle between AB and N-Pg, a smaller angle between FH and N-Pg, less forward and upward inclination of the palatal plane, and a smaller APDI value. Other studies found a more pronounced skeletal Class II pattern in Japanese than in Caucasians and a bimaxillary protrusive dental pattern (Miura et al., 1965; Reitz et al., 1973; Engel and Spolter, 1981) . Smaller SNA and SNB angles indicate a more posterior relationship of the denture bases relative to the cranial base and a shorter mandible with procumbent mandibular incisors (Uesato et al., 1978) . In agreement with those findings, Pg was positioned more posteriorly in the Japanese (FH-NPg and AB-NPg) in the present study. The correction of the sagittal jaw relationship discrepancy is considered a greater challenge in the Japanese.
In the present study, the Japanese Class I group showed a more distal position of Pg. Other investigators who compared Japanese and Caucasian Class I subjects concluded that the sagittal mandibular position was significantly more retruded in the Japanese, again with more protruded mandibular incisors but without a difference in maxillary position (Miyajima et al., 1996; Ioi et al., 2007) . The same investigators described a more hyperdivergent skeletal frame in their Japanese samples. Japanese Class I subjects were also described as being more retrognathic (Engel and Spolter 1981; Ioi et al. 2007) . In the present study, the hyperdivergence of the Japanese Class I group was expressed by a significantly smaller AB-MP angle and a reduced overbite. However, the ODI values did not substantiate significant vertical skeletal differences between the Japanese and Caucasian patient subgroups.
Comparing the Class III groups, the Japanese presented a more pronounced negative overjet and more pronounced sagittal dysgnathia. The Caucasian Class I sample was closer to the Caucasian Class III group than the Japanese Class I to the Japanese Class III when the facial plane angle was compared.
Richardson (1980) compared traits of several races and concluded that the differences in means within ethnic groups were often greater than the differences in means among ethnic groups. What then is the benefit of comparing different ethnic samples? Orthodontic surveys of populations have shown that the incidence of malocclusions is different between ethnic groups (Beane et al., 2003) . The knowledge of malocclusion patterns of subjects of various ethnic groups is important for clinical and research purposes. In a similar study, Miyajima et al. (1996) found differences indicating fundamental variation in the craniofacial structure of Japanese and Americans of European descent. The aetiology of malocclusion is found in genetic, epigenetic, and environmental factors. In the present study, the phenotype of Class II and III was more pronounced in the Japanese sample. The evaluation of APDI and ODI values allows for a comparison of the severity of malocclusion and treatment outcome between Japanese and Caucasian patterns. Further investigations should focus on the latter issue and study gender-specific traits.
Conclusions
In contrast to former studies, the present comparison of Japanese and Europeans using ODI and APDI showed a significant difference in subjects with a skeletal Class II pattern. The Japanese sample showed a significantly smaller APDI but only in the Class II group. With regard to the vertical skeletal configuration, the ODI did not show significant differences between the Japanese and European samples.
